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ar DOUGLAS DC-3 AIRPLANE
By Oscar Seidman snd George F. MacDougall, Jr.

SUMMARY

A model of the Douglas DC-3 airplane was tested in the 20-foot
free-spinning tunnel for several losding conditions. The load factor
for the airplesne as a vhole, the load on the horizontal tail, and the
force required to start moving the elevator downward were estimated
for some of the steady spina. The altitude loss in the recovery from
a spin emd in the pull-ont from the emsuing dive was also determined.
Although recoverles were falrly rapid, it was concluded that, beceuse
of possible structural overload amd high comtrol forces, it would not
be safe to put the DC-3 airpleme into an established spin.

INTRODUCTION

Considerable interest has developed in recent yeears in the spin
characteristics of tramnsport-type alrplanes, of vhich the Douglas DC-3
is a remresentative exampls. Serious accldents have occurred,
wvhich investigators concluded might have resulted from emtry into
spins. Air-line pilots have reported inadvertent spins on regular
air-line equipment on quite a few occasions.

It is wmderstood that some alr lines check pilot persommel in
‘one-turn spins on standaxrd air-line transports. Rapld recoveries were
obteined vhen rudder end elevator were reversed. There is, however,
1little 2dditional information concerning the spin characteristics of
transport-type aircraft, although models of same twin-engine military
sirplanes have been tested in the NACA 15-foot eamd 20-foot free-spinning
tunnels.
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The Civil Aeronautics Board in a recent report on a tramnsport
accident (reference 1) recommended that a model of the DC-3 ailrplene
be tested in the NACA free-spinning tunmnel. A 1/‘23-75-scale model
was 80 tested and the results are given in the presemt report.

The data obtained in the tests have besn evaluated to give the
attitudes, the velocities, and the load factors, dmring the established
spins, as well as the relatlive effectiveness of various control
manipulations for recovery. Information on load factors in spins was
requested by the Civil Asronsutics Authority for use in connection
with formmlation of structural-design requirements.

All tests were for the clean conditionj that 1s, flaps and landing
gear were not simulated. The effects of variation in the loading °
condition were determined and two equivalent test altltudes were
covered. Brief tests of inverted spins were also made.

APPARATUS AND MODEL

The tests were performed in the NACA 20-foot free-spinning tumnel,
the operation of which 1s similer to that of the 15-foot free-spimning
tunnel as described in reference 2.°

The model, which was 4 feet in span, wvas constructed by the NACA.
Lightness in structurel welght was obtained by using balsa ribs
covered with doped paper in the comstruction of the fuselsge and
wings. The nescelles, wing tips, and tall swrfaces were of balsa.
Lead veights were installed in suitable locations to bring the totel
welght, the center of gravity, and the moments of Inertla to the
desired scaled-down values. An.electrically operated remote-control
mechaniem was Installed in the model to move the control surfaces
during the recovery tests. Photographs of the model are given as
figures 1 to 4. These photographs do not show the allerons which
wore Instslled later.

The exact control deflections for the subject alrplane were not
known vhen the tests were started and the following normel maximum
control deflections were arbitrarily used (a later check showed that
the values used for the rudder end elevator deflectlons were correct
and that those for the ailerons were in error by only a few deg):
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RSP CONDTTIONS

- Vﬂnaaafﬂmmtsafinerbiaotﬁemﬁairplmemnot
availsble at the time the investigation was startéd amd the necessary
values were therefore computed from weight and balance information

Prepared by the Douglas Alrcraft Company.

Similar mass-distribution data were subsequently received from
the Douglas Aircraft Compeny forr the model DOT, which is essentially
similer to the DC-3 alrplene, except for passenger arrangemsnts.

The values ocomputed by the NACA for the DC-3 alrplane were for
the maximum passenger condition: 21 passengers, pllot, co-pilot,
stewvardess, and de-icing equipment. This loadIng ga:.ditlm will
hereinafter be referred to as the 'normal loading.

The data for the DST are for the "sleeper" condition with pilot,
co-pilot, stevardess, and 1% passengers.

A comperison of the two sets of data, for landing gear retracted,
follows:
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vhere

[ mean asrodynamic chord

xfe ratio of distance of center of gravity rearward of leading
edge of mean aerodynamic chord to mean aerodynesmic chord

z/c ratio of distance between center of gravity and thrust line

to mean asrodynamic chord (positive when center of
gravity is below thrust line)

Iy, Iy, I; moments of inertia about body axes X, Y, and Z, respectively
ky, ky, k; radil of gyration about body axes X, Y, end Z, respectively

b wving span

The agreement between the two sets of values was considered
readsonable and the computed values for the DC-3 were taken as appropriate
for the model tests.

It will be noted that the mass distribution as measured by the
relative values of Iy and Iy was not like that of the averege

multiengine airplsne. (See reference 3.) While for most multiengine
militery airplenes Iy 1is greater than Ty, for the DC-3 the reverse

was true. This condition evidently resulted from the relatively greater
utilization of the fuselage for caxrrying items of load.

For the maln portion of the tests, which were performed at
10,000 feet equivalent test altitude (p = 0.001756 elug per cu ft), the
model loesding condition simulated the scaled-down values for the
DC-3 eirplane maximum passenger conditlon within the followlng limits:

weid'lt-..---....-.-...-.-.o---..-tlpercent
Center-or-mﬂw location ¢« « ¢« « o s ¢ =« ¢ ¢« oo 0O to 0'036 rearvard
of normal

3 percent low to
11 percent high
Of IYon.-.oo-o-o-o..o.lO10Percentlovto

L percent high
inertia Iy « e+ a2 o s s s s s aeesa+ e 6percent low to

11 percent high

Some preliminery tests were made at an equivalent test altitude
of 2500 feet (p = 0.002209 slug per cu ft). The model was ballasted
to represent a preliminsry estimate of the mass d.istribution of the
full-scale airplane referred to hereinafter as the prel:!.m:l.nary
normal load, +vhich was as follows:
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The modsl loading was held to the wvalues given within the following
limits: '
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0.018 forwvard to 0.0lc
rearvard of normal
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Moments [ T ...........::_Il.hpment'lowtb'hperoentlmr
of I%.. 5 percent low to 5 percent high
inertia Iy « . <+ e+ 00 .o B percent lov to 2 percent high

. The model wvas originally ballasted to closer limits tham showm
but, in the course of testing, there were same weight changes after
demage and repair.

Information on various operating load conditions for the DC-3
vaa obtained from weight and balance estimates prepared by the Douglas
Alrcraft Company.

The principal load conditions, other than the maximum passenger
condition, with estimated corresponding mass characteristics (the
estimated center-of-gravity locations are approx. 0.032 rearwvard of
those givem by the Douglas Aircraft Company) ere as follows:

Manent of inortta ia
Condition Welght | y/5 (elug-£+7)

(10) | & L
Max. forvard c.g. 20,886 |0.148 | 66,280] 77,860 |136,100
Max. rearverd c.g.|21,883 | .31k | 63,340] 93,610 |150,000
600 gal. fuel 25,558 | .235 | 68,360] 92,580 |149,900
Max. fuel 25,554 | .280 | 68,100] 94,400 {155,000
Max. cargo 25,451 | .216 | 68,480]105,000 |165,k00

An investigation was made of the effects of changes in mess

distribution on the spin characteristics of the model. The center-

of -gravity location and the longitudinal and lateral mess distributions
" were varied through wvide limits but the alternate flight loed comditions
veres not specifically tested. )

All tests were for the clean conditiont wheels retracted and
fleps up. ;




RESULTS AND PRECISION

The results vhich are presented in charts 1 to 5 end in table 1
vere ocbtained as described in reference 2. The angle a is msasured
between the thrust axis and the vertical and is approximately equal
to the angle of attack in the plane of symmetry. The angle ¢ is
the angle between the lateral, that is, span axis and the horizomtal
and 1s positive when the right wing is down. The full-scale rate
of descent V 1s given 1n feet per second true airspeed and the full-
scale angular velocity Q1 18 givem in revolutions per second. The
load factor for the airplane as a whole as shown on the charts is
computed as 1/sin a on the assumption that the resultant aerodynamic
force in a spin is approximately normel to the alrplane XY plane
and that the vertical campoment of this force must equal the weight
of the airplane. (The wing has 2° of incidence.) The sideslip cem
be computed as minus the helix e. The helix engle wvas
approximately -6° for left spins smd 8° for right spins. Recovery
vas generally attempted by reversal of the rudder from full with to
full against the spin although other control manipulations weres also
tried. )

The precision of the test results is believed to be within the
following limits:

V, POYCONEL « « o + o o o o o o s s o s s o e s s s e . e e e e T2
D, POXCONL « « « « o o & o s s o s s s b e e s e e s, 2
a,dﬂmas..-n-u-.c.--..-.c-----o--...tl
g, dogrees « « «-o : 4 s . oo e |
Turns for recovery « « « « » o e e s s o s & s 8 s 8 s & s = & /4

The preceding limits may be exceeded for certain cases in which
it 1s difficult to handle the model in the tumnel because of the
wvandering or osclllatory nature of the mpin.

Comparison of model emd airplane spin results (referemnce 2 and
unpublished data) indicated that, beceuse of scale and tunnel effects,
lack of detail in the model, smd differences in operators' technigues,
the spin-tumnel results are not always in camplete agreement with full-
scale spinmning data. In general, for a given loading condition and
control setting, the model steady-spin results have shown a somevhat
smaller angle of attack, a somevhat higher rate of descent, and at a
given angle of attack from 5° to 10° more outward sideslip. The
comparison showed that 80 percent of the model-recovery tests predicted
satisfactorily the corresponding full-scale recoverles and that
10 percent overestimated and 10 percent underestimated the full-scale
recoverles.
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DISCUSSION

'In the presentation of the results, the gemeral spin characteristics
and the effects of variations in losding and changes in control position
are discussed first and a detailed snalysis and explanation of certaln
points 1s given later. The greater paxrt of the results were obtained
with the model loaded for an egquivalent test altitude of 10,000 feet.
Tests with this loading indicated that, because of some asymmetry in
the model resulting from damage during earliexr tests with the preliminary
normal loeding, left spins were somevhat flatter them right spins. The
regular test progrem wves conduoted with spins made to the left, glving
slightly slower recoveries and somevhat smaller load ractars than would

have 'been obtalined for the opposite direction.

Equivalent Test Altituds of 10,000 Feet

1 «- The gemeral spin and recovery characteristics
for the normal loeding are shown in chart 1.

For the normal control configuration for spimming (rudder with
the spin, elevator up, and ailerons neutral) the model spun steeply
(e = 35°), with corresponding full-scale rate of descent of 172 feet

second true airspeed and full-scale angpler velocity of 0.29 rps
?"approximtely 3.5 sec for 1 twam). The load factor for the airplane
during this spin wvas 1.73. Recovery by reversal of the rudder wvas
rapld, occurring in 1 twrm. After recovery from the spin, the model
descended in a steep glide with a small amount of rolling motion.

With the elevator set at nentrel, the spin was flatter and the
rate of descent and the loed factor were lower. The rate of rotation
increased but there was no effect on the rapldity of recovery. After
the rotation ceased, the model dived straight down. Setting the
elevator down had only little effect on the spin characteristics. In
the last portion of the recovery with this elevator setting, the model
pitched over on its back amnd glided inverted.

It wvas noticed during the test program that recoveries were
generally similar to the three types Just described. The motion during
the recovery was determined principally by the elevator deflection
g:uring the recovery. The three types are illusirated in figures 5,

F) md 7-

The aileron-with spina (left aileron up amd right aileron down
in a left spin) were similer to the elevator-up allerocn-neutral spin
and recoveries were rapid. The model was not tested with the elevator
up end allerons against the spin because of the exressive oscillation
with this control configuration. A steady spin was obtained with this




elevator-aileron configwration vhen the rudder deflection was Iincreased

to 3%5° with the spin. Recovery from this spin was rapid, thereby indicatin
that recovery from the spin with the normal rudder setting would have

been rapid. With the elevator neutral -and down, the alleron-against

spins were slightly flstter than the corresponding spins with silerons
neutral, but recovery was still satisfactory.

The model would not spin with the elevator set at neutral or down
and the rudder neutral. Whem leunched with elevator up, the model
descended rapidly and struck the net while still rotating.

loading variations.- A bemeficial effect when the elevator was
neutral or down was apparent when mass wvas added along the wings
(chert 2) . Although the model generally would not spin with these
elevator settings, recovery was retarded when the elevator.wes up and
load factors higher than those previously obtained were indicated when
the elevator vas up and the alleroms were neutrel.

The tests indicated that, with a large increase in load along the
wings, reversal of the rudder alone would be inadequate for satisfactory
recovery end that it would be essential to put the stick forward.

The effect of changing the mass distribution along the fuselage
is shown in chart 3. Removing mass from the fuselage gave results similar
to those previously obtained by adding mmss along the wings. Adding
mass along the fuselage was detrimental for spins with the elevator
neutral or down and the aillerons nesutral or sgainst the gpin. For
these cases the spins were flat and recoveries were too slow to be
satisfactory. )

With thls excess loading along the fuselage, recovery testa were
made with other control manipulations. In generel, merely neutralizing
the rudder was not satisfactory (chart 3) and releasing the rudder
(teble 1) ves leass effective then neutralizing the rudder. These
results indicated that the rudder must be campletely reversed for
most satisfactory recovery end that a definite force must be epplied
to accomplish the reversal.

The results of tests made with lerge changes in the center-of-

gravity location, covering a range greater than that indicated for

the full-scale airplsme, are presented in chart 4. Movement of

the center of gravity 15 percent of the mean aerodynamic chord forward
of normel, that is, to 10 percent of the mean aerodynamic chord, was
, advantageous In that the model would spin only vhen the elevator was

up and the allerons wers neutral or with the spin. Recovery from the
aileron-with spin was rapid and 1t 1s belleved that recovery from the
alleron-neutral spin would also have been repid. There was no appreciable
effect of moving the center of gravity 6 percent of the mesn aerodynamic
chord rearwerd of normal, that is, to 31 percemt of the mean asrodynemic
chord.




The mreceding discussion shows that deflecting the aillerons in a
given direction may be bemeficilal or detrimental, depending on the exact
loading conditions, and that the effectiveness of the elevator will
“vary-with the loading. The calculated values for the basic moments of
inertia may be in error by as much as i8 percent amd, in ahy evert, the
loading may change between flights oxr during a flight as a result of
consumption of fuel or redistribution of items of useful load. It
therefore seems desireble generally to hold the ailerons neutral
thronghout the spin and to attempt recovery by first reversing the
rudder and then pushing the elevator towvard neutral.

The mrincipal flight load conditions differ from the normal condition
by some combination of changes in center-of-gravity location and in
loading along the wing or fuselage, such as those tested on the model.

The model tests can be used in predicting the results for the albternate

£11ght loadings.

It appears that there will be little differemce between spins with
the normal loading and spins with eny of the following loedings:

(a) Meximm rearward center of gravity (airplene may descend more
slowly owing to lighter weight)

~

(b) Maxinmum fuel comditiom
(c) 600 gallons of fuel condition

With maximum forward center of gravity, the airplamne will probably spin
only vhen the elevator is up. These spins will be steep and will,
consequently, have high load factors. With the maximum cargo conditionm,
elevator-up or alleron-with comfigmrations will still give satisfactory
recoveries but there will be a tendency for elevator-down and aileron-
against control settings to glve slow recoveriles.

Because of the diversity of attitudes at which the model spun,
there wvas conslderable difference in the values of the spin parameters.
The maximm end minimm values of some of theme parsmeters are listed
below:

a v Q
Load fector
(aeg) | (£t/sec) | (rps)
Max. value (2] 206 0.40 2.0k
Min. value 29 121 2k 1.08

The high load factoras and high rates of descent are obtalned for the
steepust spins.
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. Equivalent Test Altitude of 2500 Feet

Erect spins.- For the tests at the 2500-foot equivalent test altitude,
the model was ballasted using a preliminary estimate of the mememts of
inertia. A comperison of these moments of Inertia with the final computed
velues showvs that Iy and I; for the tests at 2500-foot equivalent

alitude were about 28 percent Iy too high with the result that the

preliminary normal losding had relatively more mass distributed along
the wings than the final loading.

For the initial tests, the model was practiocally symmetrical and
left spins were quite similar to right spins. It has been previously
indicated that, in the course of the preliminmry testing, the model
later became alightly asymmetrical as a result of demage eand repair and
that spins to the left became somevhat flatter and steadler than to
the right. The results for 2500-foot equivalent test altitude were all
for right spins and are presented on chart 5 (aileroms were not
installed for these tests).

There were two types of splin for the elevator-up configuration
vhen the model was in the preliminary normal loading comdition. Both
spins were steep and recoveries were rapid. The model would not spin
with elevator neutral or down. There vas no effect on recovery of an
increase in the mass distribution along the wings but the elevator-up
spin was very steep and the load factor increesed to 2.4. There was
no effect of moderate changes in the center of gravity but the model
would not spin wvhen the center of gravity was 15 percent of the mean
aerodynamic chord forweard of normal, that is, at 10 percent of the
mean aerodynsmic chord.

Increasing the mass distribution along the fuselage or a combined
increase in the mass distribution along the fuselage and a rearvard
movement of the center of gravity were somewhat detrimental. With
either of these loading conditiomns, the model wounld spin with the
elevator neutral or dom. Although some of these spins weare relatively
flat, recoveries were rapld.

Inverted spins.- The model was launched in a spin with the rotation
counterclockwvise vhen viewed from above beceuse thls direction was
more convenient with the existing control-mechenism installation.
Regardless of the rudder or the elevator setting, with allerons neutral,
the model stopped rotating almost immediately after being launched
and dived down Into the safety net, Indicating that it would not spin
inverted if the allerons are neutral.

Effect of pltitude.- For the preliminary normal model loading
at 2500-foot equivalent test altitude, the distribution of mess along
the span was considerebly greater them that at 10,000-foot equivalent
test altitude. As previously mentioned, an increase in the mass
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distribution alomg the wing at 10,000-foot equivalent altitude led to

a condition in vhich elevator-down deflections were favorable in that

the model would not spin. It is felt, therefore, that the apparent

" change from-a condition In which the nodel would not spin at 2500-foot
equivalent altitude with the elevator neutral or down to relatively

flat spins at 10,000-foot equivalent altitude 1s caused by the
differenceintholoadingalungthevingsanﬂ.thattheohmgoin
equivalent altitude did not substantially affect the spin characteristics.

ANALYSIS

In the preceding discussion, the general characteristics of the
spins of the DC-3 model have been described. Certain features, such
as the airplane path and motiom, the acting forces, snd the load factors,
are believed to be of sufficient interest to warrant detailed comsideration.
Some of these points are of especlal Importence in structural design
considerations.

Motion In a Typicel Steep Spin

Considerable interest has been- expressed in the motion of the
DC-3 alrplane during a spin and during recovery therefrom. The normal
spin, with elevator up and allerons neutral, was fairly steep (a = 359).
For this spin, which 1s typical of the steeper spins obtained, the
attitude and the rotational motion of the model are shown by moticm
pictures in figure 8. Pictures of a recovery from a similar spin are
shown in fi 5. (Cemera speed for the photographs of figs. 8
and 10 was fremes per sec and for those of figs. 5 to T was
32 frames per sec. The horlzontal line in the background of these
pictures is the tunnel horizontal reference line.)

In the interpretation of these photographs, 1t must be appreciated
thet during the steady spin the model remained at a fixed level because
it wvas spinning in a colum of air that was rising at 35 feet per
second, corresponding to 172 feet per second full scale, and that
during the rescovery the airspeed was Increased sbove this value to
compensate partly for the Increased rate of descent of the model.

As an ald in visualizing the actual motiomn, figure 9 has been
prepered shoving the full-scale altitude loms per twrn, radius, and
oestimated recovery motion for the same spin. During 1'.he steady spin
' the full-scale altitude loss per twrn was about 600 feet but, after
the rudder was reversed, the altitude loss was sbout 1000 feet for the
remaining twm. At this point the rotation had stopped but the rate
of descent had increased to 254 feet per second true airspeed. The
path during the recovery was estimated from the motlon-picture record
which showed the increase in rate of descent and the radius of spin
during the recovery.




As has been previously noted, the model flight path during recovery
is dependent on the elevator setting. ¥or the recovery showmn in
figmes 5 and 9, the elevatox was held full up when the rudder was
reversed and the flight path after recovery had a noticeable horizontal
component. If the elevator had been neutralized when the rudder was
roversed, the model would have gone down in a vertical dive after the
rotation ceased (fig. 6). A combined reversal of the rudder and
elevator would have led to a condition in which the model would have
been in an inverted dive wpom recovery from the spin (fig. 7). From
the foregoing discussion, 1t ls apparent that for this airplane if the
elevator is kept, for example, about 10° above the neutral position
recovery will be smoother thamn if the elevator is down.

Motion in a Flat Spin

Under certain conditioms of loading and control deflections, flat
spins mey be encountered with the DC-3. The angles of attack for the
flat spins on the model were as high as 68°. '

Motion pictures of a typical flat spin are shown in figure 10.
For this spin the angle of attack was 63°. The rate of descent had
decreased to 121 feet per second txrue airspeed and the rate of rotation
had increassed to 0.34 rps. The radius of spin was smell, 3.5 feet.

Recoveries from flat spins were generally slower than recoverles
from steep spins but the types of flight path after the rotation ceased
vere still dependent on the elevator deflection and vere similar to
those preoviously described.

Force and Moment Coefficients for the Steady Spin

The asrodynamic force and moment coefflclents were computed for
the spin of figure 8 upon the assumption that the resultant aerodynsmic
force was perpendicular to the airplans XY plane (approx. the wing-chard
plans). The airplane in a spin is in a state of equilibrium and the

inertie couples are balamnced by opposite aerodynamic couples. The
inertia couples were obtained from Euler's equation as follows:

Inertia rolling moment L = (Ty - Iz)qr

Inertia pitching moment M = (Iz - Ix)rp

Inertia yewing moment N = (Ix - I¥)pq
vhere p, q, and r are the component angular velocitles about tho
body axes. In converting these maments to coefficiemnts, the character-

istic lengths employed were the wing chord for the pltching moment and
the wing span for the rolling and yawing moments.
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After completion of the tests in the 20~foot free-spimning tumnel,
the model wvas mounted on the balance in the free-flight tumnel and the
1ift, the dreg, and the piltching-moment coefficients were measured with

.controls nsutral for seversl angles of attack above the stall. 8ideslip

was not simulated during the balaiice tests because-it was felt that
this factor would have but little effect. The coefflicients obtalned
from the balance data have been corrected to correspond to the control
deflections of the model in the spin and are campared to the values
computed for the spin of figure 8 as follows:

Coefficient
1P+ Rolling | Pitching | Yawing
Drag moment moment moment
Computed | g.964 1.068 0.00582 -0.476 0.00258
for spin
Baleance 80 b1 | ~=----- -7 | ---=---

The differences between the values of forces and moments for the
spimning model and the corresponding values for the model on the
balance can be assumed to be principally dme to the rotetion in the
spin. It 1s evident that the rotation led to a somevhet higher value
of the 1lift coefficient, an appreciebly higher value of the drag
coefficient, and a smaller nose-down pitching-moment coefficient.
These effects of the rotation have also been noted in previous Inastances.

Struoturel Loads

Toad fac in the .= The load factors (normal to the
thrust uiss in the steady spin have been given on the charta. These
load factors were computed as 1/sin a on the assumption that the
resultant aerodynamic force in a spin is approximately normel to the
body XY plane. A plot of these load faotors against sngle of attack
is given in figure 11. R 1s the resultant aerodynamic force. ILoad
factors computed as 1/sin (a + 2) have also been plotted corresponding
to the more accurate assumption that the resultant force is normel
to the chord of the wing (wing incidence was 2°).

An experimental check on the accwracy of the assumption regarding
the inclination of the resultant force can be made by directly measuring
the redius of spin or by measuring the ratio of 1lift to drag for the
complete model.

Measured radii obtained from motion pictures were mmaller than
computed values, especlally for the steeper spins. Based on the
measured radiil of spin the inclination of the resultent force was
computed to be from 0° to 8° rearwerd of the body normel or Z exis.
The correspondingly lover load factors are also presented in figure 1ll.
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In order to obtain additional Informetion on the inclinatiom of
resultant force above the stall, the balance measwrements on the
stationary modsl vere used. The measured 1lift/drag correspondsd to
an inclination of resultent force varying from 0° to 3° rearvard of
the normal exis. The load factors (fig. 11) for a spin with these
velues for lift/dreg would vary from 1/sin (a + 2) for the normal
spin attitude to 1/sin a for a very steep spin.

The agreement betwesn the results from the different methods of
computing the load factor is regarded as falr for steep spins and good
for flat spina. The values for the load factors considered equal
to 1l/sin a ers the most comservative (highest) and those based on
the measured radil of spins are the lowest. These results indicate
that the load factor of the DC~3 alrplane In a spin will probably
not exceed a value of 3.0.

In order to investigate fwrther the aerodynamic loads likely to
be encountered during a sudden change in attitude, the normal-force
coefficlents for the DC-3 model were computed from the free-flight
tunnel balance data. The normal-force coefficient, that 1s, force
coefficient along the body Z exis, decreased gradually from a value
of 1.20 at an angle of attack a of 35° to 1.05 at the stall and then
decreased rapidly as a decreased. It can therefore be inferred that
the airplane will not experlience a peak load factor if it is suddenly
nosed down from a condition above the stall to an angle of attack
below the stall, wnless the rate of descent increases very sharply.

Relation of veloci d alti t to load factor in
recovery from a dive.- When the spin rotation ceases, the airplame is

gonerally In a steep dive and 1a gaining speed. The pilot has the
alternative of pulling the airplane sharply out of the dive, a procedure that
vill give rise to high load factors, or pulling the airplane out
gradually with moderate load factors but with greater loss In altitude
and greater gain in velocity. Reference I gives charts for determining,
for a given type of pull-out (that is, imposed load factor variation),

the altitude lost and the velocity gained in the return to level flight
in terms of the veloclty and the flight path at the start of the pull-out.
By use of these cherts the altitude lost and the velocity gained in the
dive have been dotermined for a recovery simlilar to that shown

in figure 9. The dlve was assumed to start with a velocity of 173 miles
per hour true airspeed (149 mph indicated airspeed) at an altitude

of 8500 feet and it vas arbitrarily considered that the initial path

wvas vertical. The drag parameter K was assumed to heve a velue

of 0.030 and the load factor was taken to Increase linearly from O

. to 2 in 2 seconds and then to remain constant wntil level flight was

attained. The velocity incrememnt obtained was 110 miles per hour
indicated air , glving a final velocity of 285 miles per hour

true airspeed (259 mph indicated airspeed), and the altitude loss was
approximately 2000 feet. These values are subject to a emall correction
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becsuse the mean sltitude dwring the recovery from the dive wvas somevhat
higher then the value used in reference 4.

' Computations of a similar nature have been made by the Douglas
Alrcraft Company, in which the assumed conditions were the same except
that the initial velocity was takemn. as 151 mlles per hour true airspeed
(130 mph indicated airspeed) and the initial altitude was 10,000 feet.
The computed final velocity was 299 miles per hour trume airspeed
(266 mph indicated airspeed) with an altitude loss of 2340 feet in a
time interval of 13 seconds. The computed results fram the two sources

are thus iIn good agreement.

As the placard dive speed of the DC-3 airplane is 262 miles per
howr, it is obvious that skillful piloting is essential to avoid on
the one hand exceeding a safe load factor and on the other hand exceeding
the allowable maximm airspeed.

The preceding example was for an initial veloclty of 173 miles
per hour true airspeed, based on the test results for the normal loading.
It shomld be appreciated that, for other lomdings, the initial velocities
and the maximm velocities during the pull-outs might be noticeadbly

higher.

The charts in reference 4 show that the initial flight path has a
considerable effect on both the veloclty gained and the altitude lost.
It appears that the flatter Initial flight paths glve smaller increments
of veloclty and smaller altitude losses than the steeper flight paths.
The motion of the DC-3 model after the rotation ceased depended on the
elevator deflection duwring the recovery from the spin, with elevator-
up deflections gliving flight paths with a noticeabls horizontal
component vhereas elevator neutral or lower gave vertical flight paths.
Thus, it is evident that reductioms in the veloclity geined and the
altitude lost in the retwmn to level flight following the recovery
from the spin may be secured by holding the elevator above the neutral
position during the recovery from the spin.

Altitude loss in recovery from spins.- Figure 9 indicates that threre
is an altitude loss of approximately 1000 feet from the time the controls
are moved until the.spin rotation ceases. It has previously been shown
thet an additional 2000 to 2500 feet are then required to retwrn to
level flight without imposing excessive structwral loads on the airplane.
Approximately 3000 feet are, therefore, necessary to regain normal
flight attitudes from a spin.

N
. ic = Attention is called to the fact that the load
factors previously given have been the load factors for the airplane
as a vhole. The asymmetrical alr flov over the airplane in a spin may
give excessively high local loads. Some Information on the pressure
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distribution and the local loads on the wings and tall in a spin may be
obtained from the results of flight tests of an oldexr fighter-type
aircraft (reference 5). This pressure-distribution investigation
showved esymmetrical loading on the wings and tail plene with high local
loads at some points. The danger of structuwral failure from high local
loads muet therefore not be overlooked.

As an aid in visualizing the local air flow over the different
perts of the airplans, computed approximate velocity components (body
axes) of the relative wind at the cemter of gravity, the wing tips, and
the tail of the DC-3 model for the spin of figure 8 are shown in
figure 12. It is apperent from this figure that, although the right
(cuter) wing tip is not stalled, the angle of attack increases linearly
to a large value (35°) at the plane of symmetry and to an extremely.
lerge value at the imner wing tip. The harizontal tail plane is also
stalled and there is considerable outward sideslip at the taill.

In estimating loads om the vertical taill it ahmll'ld be remembered
that the vertical swrfaces will be partly 'blanketed” by the outboard
lta:I.';| of the harizontalntail Plane; that 1s, the tall plane will cast
an aerodynsmic shadow on the vertical tall. Smoke-flow pictures
showing this Dlenketing for a smaller airplane in a spin are presented
in reference 6. .

Tal]l load.- An attempt was made to approximate the load on the tail
for the spin of figure 8 by deducting the estimated pitching moments
dus to the wing and fuselage from the previously evaluated pitching
moment for the complets model snd expressing the remaining moment in
terms of the tall load.

Information on -the pitching moment of the DC-3 wing and fuselage
vas not available but estimates, based on data for other models, led
to values for the load acting upward on the tall of the order of
3000 or 4000 pounds (15 anmd 20 1b/sq ft) vhen the elevator. was up.

The flight investigetion described in reference 5 shows that in a spin
the peak local pressure on the tall plane may be considerably in excess
of the average value. Wind-tummel test data giving tail 1ift coeffi-
clents on a pursnit-airplsne tall vnit, similer in section end plan
form of stabilizer and elevator to that of the DC+3, at high engles

of attack (refersnce 7) were used in getting a check valme of the
probable order of magnitude of the load on the DC-3 airplane tail
plane in a spin. The value thus obtained was about 2000 pounds for
elevator full wup-.

Similar estimates of the tail loads In the same spin dut with

elevator at neutral gave tail-plans loads about twice the values
obtalned for elevator full wup.
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Control Yorces

The results of the recovery tests herein presented indicate the
effectivensss of the controls without regard to the forces applied.
As model results were obtained by applying sufficlent hings moment to
move the controls fully and repldly, 1t would be necessary for full-
scale tests to be made in the seme mammer in arder for results to be
comparable with the tummel results.

The problem now arises as to whether the pilot can exert sufficiemt
force on the vheel and cn the rudder pedal to move the controls in such
e mamner. Computations were made of the stick force regquired to start
moving the elevator down for the spin of figure 8. ¥Yor these computatioms,
hinge-moment coefficient values were taken from reference 7 and it was
assumed that the elevator was completely mass balanced. This force
was about 160 pounds which, although high, is within the physical capebility
of a pilot who is using two hends on the wheel (referemce 8).

Reference T indicates that the elevator-control force can be
materially reduced by setting the trailing edge of the trimming tad
full up wvhen the elevator is up.

The force required to move the elevator downward would be appreciably
greater vhen the elevator is neutrel amnd 1t is doubtful vhether a single
pilot could move the elevator to the nsutreal position even with the
agasistance of the trimming tab when the DC-3 ailrpl=ame is in a spin.

Model tests indicated that when the rudder was released it would
float toward neutral but it was impossidble to dotermine the final
position. The rudder forces and the alleron forces were not computed
but it is felt that, wnder certain conditions, they too might be high.
The pilot will probably experience difficulty in moving some of the
controls vhen the airplane 1s in a spin and the possibility exists that
the forces may be so great that the necesseary recovery manipulation
of the controls cannot be perfoamed.

Indicated Airspeed

The accwracy of the indicated pitot alrspeed reading for determination
of rate of descent of an airplane in a spin is gquestionable because
of several sources of error.

. During a spin the fixed pitot tube is not alined with the local

alr flow because the airplane is rotating and at a large angle of attack.
Both the magnitude and the direction of the local air ocity vary
along the apan. The veriation of air flow alomg the vas indicated
in figure 12. If the pitot tube were located well out along the span,
particularly on the inboard wing in the. spin, there be a large

82

:
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discrepancy bstween the indicated airspeed and the trus rate of descent.
Yor the usual pitot-tube location under the nos

the error dus directly to the angle of attack and to the rotation of
the airplame 1s probebly mmall in a stesp spin. There is, however,

a possibility that at this sngle of attack there may be an apprecieble
error oving to the effects of fuselage interference on the local air
flow.

CONCTUDING REMARES

For reasons discussed in the text, it 1s not considered safe to
put the DC-3 airplens into an estéblished spin. The model results
indicate the following spin characteristics for the DC-3 eirplane
with flaps and landing gear retracted:

1. With the meximum passenger loading conditlion and the normal
control configuration for spinning, the spin will be steep, airpleme
nose down 55° from the horizontal, and the rate of descent will be
about 175 feet per amecond true airspeed. The load factor for the
airplane dmring the established spin will be approximately 1.7. It
is recommended that for recovery the rudder be rapldly reversed to
full against the spin after which the elevator should be moved down
wntil 1t is about 10° above the neutral position. The ailerons should
be kopt nei tral. This control menipulation should make the airplane
stop spinning after ebout 1 additional turm. At this point the
airplane will be diving at about 170 miles per homr true airspeed.

In the subsequent pull-out a load factor of ebout 2 should be
maintained in en attempt to avoild excessive gain in speed while keeping
within the normal load-factor range.

|
2. A flat spin with nose about 40° below horizontel and a rate
of descent of 95 miles per howr can also be obtained. This condition
can be expected if the elevator is down and the allerons are against
vhile the rudder is still with the spin.

3. If the recovery 1s effected while the elevator is above the
neutral position, the flight path in the dive will have an appreciable
horizontal component. If.the elevator is neutral oxr down, the recovery
dive will be vertical and there will be greater probability of exceeding
the safe load factor during the pull-outs.

_ k. For the maximum forward center-of -gravity condition, the
airplane will show less tendency to remain ln a spin. For the maximmum
cargo condition, recovery will be adversely affected when the elevator
is down and allerons are against the spin. Results for the remaining
operating loadings will be similar to those for the maximum passenger

loading.
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For all loadings, it 1s recommended that recovery from the spin
be made by fully reversing the rudder, after vhich the elevator should
be moved to about 10° above neutral and the allerons should be moved
to-nesutral:" Merely nentralizing the rudder will not necessarily give
rOCOVEXry.

5. Approximately 3000 feet will be lost dwring the recovery from
thespinandthepullontfmfheenninguw.

6. The forces necessary to move the controls in a spin may be so
high as to reguire the oombined efforts of the pilot and co-pilot. In
this comnection, it should be noted that the elevatar taimming teb can
be uaed. effectively to help move the elevator down.

T Airloadsonthehm'izontaltailplanevill'beoftheorder
of 3000 to 6000 pounds during the spin.

8. Recovery from inverted spins cen probebly be effected by
neutralizing the ailerons and the rumdder.

Langley Memorial Aeronautical Laboratory,
National Adi¥isory Committee for Aeronsutics,
Lengley Field, Va.
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_ TABLE I
RECOVERTES FROM LEFT SPTES FOR DOULAS DC-3 MODEL

[Altitudo, 10,000 £t3 all tests mads with mass added along
Tuselage, Aly and Aly = 0.25 Iy

Control setting i
(aeg) Twns for
recovery
Allerons Rudder ,
- Flevator Y
Right Teft Tnitial Final
0 0 a30w (v) 0 &
¢15D 257 30W (v) 00 More than 5%
15D 25y 30W (») 20D 3
257 15D 30W (v) 300 More than &
L 15D 30W (v) 20D 8

&Y indicates with the spin.
bRecovery attempted by releasing the rudder.
CD indicates downj U, up-.




chart 1. - Bffect of Controls on agin and Reoovery Charegteristios of
DC.3 Model

floml loading; landing gear retrected; flaps neutrel; recovery by repid full rudder reversal (stesdy-:
spin data obtained for rudder setting 1ndicatad);_ left erect spine; equivalent test altitude, 10,000 £y

Rudder with the spin Rudder neutrel  Ruder aéin-t. the spin %_
4D
172,28 - /
b 5 |Tu . _
72l29 1.6 /_jLL
. / 1 / 1)
. o>
1.V3 sl $
)
%4
2=l
& 5h= 03
8420 W =i -\\c-‘.o“ of
h72].36 MAsOe yo
47 | 8y * 3o
3 s o
144, 34 .71 e g w0
8y od “\"qu@
178,34 1* 11’% a Q“‘x‘a ) _
] 136 ¢ NE
1 B 1
<35 . .
1,22 sy ¢ r_
- 136
Wt =l o
A .
AQ . / | xlo ]
51l 8u
A— xlo
57| 8y axlad 1,69 -
6 / 1% a1k / . /
22 1.29 0
X
1.22
b'roo oscliilatory to test, P
oFor rudder defleotion increased to #35 deg, recovery requirel one-half turn. Model values (dnz) | (dag)
¥ent into steep spiral with high rate of descent. converted to v | A
NO indicetes model would not epin, corresponding 2y 17
full-scale values. {£pa) l(rpe) |
U inner wing up Turms for
D inner wing down- —Xecovery i
Losd factor
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Chart 2, - Effect of Mass Distribution on Spin and Recovery Characteristios
of DC-3 Model.

[Ioadins as indicated; landing gear retracted; flaps neutrel; recovery by rapid full rudder reversal (recovery

altitude, 10,000 f.

Normal loading

a
by

attempted from, llﬂ_’ltﬂld]-lpin data preser_lted for, rudder-with spins); left erect spins;equivalent test

Magp extended a]).ong wings (aly and

Too oscillatory to test,

0 indicates model would not spin,

oIz = 0,20 Iy o1
38 | 4D 40( 30
- 172(,28 - 172428 |
30
1 a ' 1858 o |
172l 29| 199,29
. 1.57
/ 1 1.62 3/4 5
1013 2401
» QA ?
)
-} x
6| 3U 2= e o8 | 36l 4y
M2 & \\e‘ok.“ '
172/, 36 N
a7 ! au / . ) \k\"“
- .1% \e"’“‘\i\- b\j\‘f 1
. N ] J AL N{0
5eAU R 1.7 o\ 02 1.68
3£u/ : N|o \:\o ‘\q\& -
: 1436 & 55/%
: LHE
1.22 ERd b
NS L o33
158,40 Nlo
1 |eu / L
7! 8u M3 1.69 e
-36 / *;1 = xlo /
1.20

Mass extended along wings {aIy
and Al = 0.40 Iy) 5
29 |3D
29 | 6u / Te
[ : f [than
206129
/ Morej |- 1,60
an 2%
2.p4
| N10
1 NP
Nl o /
Xp
Model values o
converted to (deg) [{deg)
corresponding v £
full-scale values. {tpa)
U 1inner wing up Tums for
D inner wing down recovery
Load factor
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Chart 3, -

Effect of Mags Digtributio
of

n on Spin and Recovery Characteristios
3 Model

[Loading ag indicated; landing gear retracted; flaps neutral; rooovéry attempted from, and steady-epin data
presonted for, rudde:_\-wit.h_splns; left erect spin; equivalent test altitude, 10,000 ftj

lMass retracted along fusela

ge Normel loading Nass extended along fulglase
(ATy sndAT, = -0.18 Iy) (ATy andAI, = 0.35 Iy
1D 38 | 4D ’ 36|50
b 1721,31 . 172 1,28 1821,2
Ay / 35| U 56| 4U Nore
ore 72| .29 1 2 /Ei.l% 1% uun_ﬂ
93 172].2 N, 1,69
> 1.7 1.62 254 6U ¥ore
/4 1 10| - 1
2
136 1473 14n
5 o 1/2 3/4 ]
4 >(2 1.76 ;
§SI§  one {36 law 38| 2u
uJ - g P{\\e WO
/_ar M 72l 3 /172 .33
47| sulA=Tiet 63| su
o0S e 1% iy |2
1o o ay [RNGgousfLeal. 34 1.7 & | au 2114 1.62
o8 AU \o . . i .
/ ‘u\.\ ‘.\q“’&) th 1% T35 i i .5},72
138,34 [lgo 12
1436 ‘l% 1412
12 i
1.22 $5 g . 1,08. -
M| E 40l 4y
i & 36|51
~—1_xlo s | sy 581,40 1611,
10}
1 13 12 1
N[0 144,36 & el qu 211,34 ! 56
81 1, 1,
/ .1*'1* 121.34 2% 5; ‘ [ 220
*“3‘-*'35- 1.29 B [ | L
1
1,20 /11
Y
Too osclllatory to test. Model values a
ganillatel' in pitch; average value given. converted to {deg) 1( _‘:;_.‘.’.)
aNO 1ndiostes model would-not epin, gorresponding (£pa) | (rps)
eTwns for recovery by repid movement of the rudder and elevator to neutral, full-scale values. o pa)L P8
Reoovery attempted by rapid movement of the rudder to full against the spin, U inner wing up Tums for |

Tums for recovery by repid movement of the rudder to neutral,

D inner wing down
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Load factor
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Bffect of OQntox\-of-Griuty lauuon on Spin and Recovery Charseteristios

chart &, -
[:c.nto:\-of-snuty looation as noted; landing gesar rof.mted napc nontnl, recovery by repid full rudder re-
versl (reoovery attm from, a.ui lteady-lpin data prolant-d for; mddez\-uth lpinl{ 1eft erect spins;

gquivalent test altitude, - 10,000 b2 9|
Genter of gravity ati0.105| Center of gravity at [0.250 Oenter of gravity at |0,315 :
T Bl | 38 4 | o 3 |
178,36 172,28 ' ' / 17827 .
/ % 35| U . |z 8v -
[+ . ) . .
| .73 _ 172,29 s _ ' 06]. 26 o
C / 1 : 2.2 . *
N[O ’ Wb | 1193,27 1Jo2
@) 3 )
2 3
238 ’ :
- 3 -1 1.88 .
2353 \e‘oﬂ:\ 36| 3U, _ 1 353U
/ S {‘\,\\*“ S73,36 - - : T2l.37]
‘1 8y \e" . - ~6 100 ’ . .
LN b\‘\ﬁ* li - . g oy
¥o | ,;\\6;6\“& 148,34 1.7 - .33 .
8U .\ * i - .
/ 9 \“\q‘\\, 1* ’1* L8 / -1 .
Njo 138034 [ 1.6 A5A
1 — 12 ‘
1.22 23 . 144 N
eol% .
. bt = =
' 1581, 40 /
51{ 8U
1l
A0 144,36 1.69 &) 1201 '
87{ 8u o
xlo / . . 1* ,1% a1 - /
_ ' 33%-'55 1.29 : - ,
: 1 )
1,20 1. 44 : .
;lo indicates model would not.spin., Model values - e ¢
oBteep spin or spirel with high rete of descent, converted to (deg) {{deg)
®%0 oscilatory to test. . corresponding _ v e
full-scale values, (fpa) 1(
“U inner wing up ‘| Tums for
D. inner wing down .
Load faptor
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Chart 5. = - Effeot of Controls, Center-of-Gravity Looation , and
Mass Distribution on Spin anil Recovery Charegteristics
of DO=-3 Model

[:poading, ‘preliminary normal" except as indicated; landing gear retrected; flaps noutmi; recovery by rapid
full rudder reversal (recovery attempted from, and steady-spin data presented_for, rudder-with-gpine); right
erect sping; allerons neutral for all tests; equivalent test altitude, 2500 ft

Mass added  Mass added L ., . along

. 8long wings along fuse-
Mdt;er Fudder Gmte:.or Center of Center of  (Aly andAl, ::E:ﬁ%l! ﬂ;’i‘g"eé%b":d
wl against gravity gravity gravlity = : . *
the Rudder the at at 8t 023 x) ‘a'o.ho’y) Oenter of gravity
gpin N\ 18] 1. 10¢ +196 0, 30¢ : ~ &t 0, o
26 | 9| h-] f®
[ EaE 2 ol a1 5| % os| &) 36| o 38| o
o tred: No 06 1nl.25 o b72].23 158]. 20
NS i o%’poa Y & 2
E 2229 apin . 2 2 . 1,
e M | . 1,99 1,73 2,42 1.68 1.62
‘=2 B
S
3 L . _ - & 55| W
“ILmo | [ mo. _xlo ¥o i [0 xjo a5 270,29
. ) 3
Jg 1,1 :
. i 1,60 1.22
S
) H
< .
(dv,g) deg) _i; L) 2
éms) e ¥lo Nlo
“fums for é §o ¥ | %0 N0 3813 2.3
—racovery | 3 i !
| Load tastar |
g 1,5k 429
Medel values
oconverted to
corresponding

full-scale values.
U inner wing up ‘ITO indioates model would Hot sepin,
D inner wing down Dm0 cscillatary to test.






Figure 2.-

Three-quarter front view of the

DC-3 airplane.
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- scale model of the Douglas
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Figure 3.- Side view of the - scale model of the Douglas DC-3 airplane.
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Figure 4.- Three-quarter rear view of the -scale model of the

1
23.75
Douglas DC-3 airplane.
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Figure b.- Recovery from an elevator-up spin. Control settings:
rudder as noted, elevator full up, ailerons neutral. Recovered

in & turn (frames 6 to 26).
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Figure 6.- Recovery from an elevator-neutral spin. Control
settings: rudder as noted, elevator neutral, ailerons neutral.
Recovered in 1 turn (frames 11 to 39).
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Control settings:
rudder as noted, elevator full down, ailerons neutral. Recovered

in 1‘% turns (frames 6 to 37).

Figure 7.- Recovery from an elevator-down spin.




Figure 8.- Typical steep spin. Control settings: rudder full with
the spin, elevator full up, ailerons neutral. Full-scale values:
a=35°% @ =7° V=172 ft/sec (117 mph), radius of spin = 13.6 ft,
2 = 0.29 rev/sec.
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FIG.9— STEADY SPIN AND RECOVERY OF DC-3
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Figure 10.- Typical flat spin. Control settings: rudder full with

the spin, elevator neutral, ailerons neutral. Full-scale values:

a =63°, @ =5° V=121 1ft/sec (82 mph), q = 0.34 rev/sec,
radius of spin = 3.5 ft.
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Figure 12. - Components of relative wind at center of
gravity, wing tips, and taill assembly of the DC-3 model
during steady left spin shown in figures 8 and 9.
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